A phenomenological α-cluster model based on the charge symmetry of nuclear force allows one to estimate the last proton position radius (LPPR) in a symmetrical nucleus. The values of LPPR obtained for the symmetrical nuclei with 5 ≥ Z ≥ 45 are used in a long standing problem of determination of the Woods-Saxon single particle bound state potential parameters. With respect to the charge symmetry of nuclear force a requirement of equality of the nuclear potentials for the last neutron and the last proton in a symmetrical nucleus is added to the standard well-depth procedure in solving the Shrödinger equation for the nucleon bound states, which makes the Coulomb radius the crucial parameter to determine the others and the value of the last proton rms radius. The Coulomb radii have been obtained with using LPPR. Analysis of the last proton rms radii, the Coulomb radii, the nuclear potential radii obtained at the calculations in comparison with LPPRs, the Coulomb radii from the α-cluster model together with the experimental radii shows that for the nuclei with Z ≥15 it is inappropriate to represent a single particle bound state by the Woods-Saxon potential. For the nuclei with 5≤ Z ≤14 the error of the spectroscopic factor obtained with standard parameters in DWBA analysis of pure peripheral one nucleon transfer reactions is estimated. It is shown that for some nuclei using the standard parameters brings an error more than 20%.
A phenomenological α-cluster model based on the charge symmetry of nuclear force allows one to estimate the last proton position radius (LPPR) in a symmetrical nucleus. The values of LPPR obtained for the symmetrical nuclei with 5 ≥ Z ≥ 45 are used in a long standing problem of determination of the Woods-Saxon single particle bound state potential parameters. With respect to the charge symmetry of nuclear force a requirement of equality of the nuclear potentials for the last neutron and the last proton in a symmetrical nucleus is added to the standard well-depth procedure in solving the Shrödinger equation for the nucleon bound states, which makes the Coulomb radius the crucial parameter to determine the others and the value of the last proton rms radius. The Coulomb radii have been obtained with using LPPR. Analysis of the last proton rms radii, the Coulomb radii, the nuclear potential radii obtained at the calculations in comparison with LPPRs, the Coulomb radii from the α-cluster model together with the experimental radii shows that for the nuclei with Z ≥15 it is inappropriate to represent a single particle bound state by the Woods-Saxon potential. For the nuclei with 5≤ Z ≤14 the error of the spectroscopic factor obtained with standard parameters in DWBA analysis of pure peripheral one nucleon transfer reactions is estimated. It is shown that for some nuclei using the standard parameters brings an error more than 20%.
PACS numbers: 21.60.-n, 21 .60.Gx, 24.50.+g
I. INTRODUCTION
It is well known that nuclear properties are described in the framework of three different representations of nucleon arrangements [1] , the mean field representation, the liquid drop model and the α-cluster model. In analysis of one nucleon transfer reactions A(a, b)B where A = B + n/p and b = a + n/p, one has to use the mean filed representation where neutrons and protons move independently in the mean field. The nuclear mean field is described by the Woods-Saxon (W-S) potential due to the single particle model [2] with parameters of radius r 0 , diffuseness a 0 and depth V 0 depicting experimental charge distribution. The standard Distorted Wave Born Approximation (DWBA) approach [3, 4] , used in the analysis of differential cross sections of one nucleon transfer reactions, suggests that the nucleon wave function with a factor S 1/2 where S is the spectroscopic factor (SF), is equal to the overlap function of the nuclei A and B. S is obtained by dividing the experimental cross section of the reaction at the main scattering peak by the calculated one. The experimental binding energy of the nucleon (neutron/proton) ε n/p in a nucleus A is used as the eigenvalue in the Shrödinger equation for the bound state.
The determination of the single particle bound state potential parameters is a long standing problem [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . As the main criteria for selecting proper parameters the experimental nuclear radius and charge distribution are usually used [2, [5] [6] [7] [8] [9] with strong needs of additional * galani@Uzsci.net model parameters like sizes of internal shells and the binding energies of the nucleons of the shells, which do not make the obtained values valuable. During a few decades in the DWBA analysis so called standard parameters have been used, these are around the values r 0 = 1.25 fm, a 0 = 0.65 fm, which provide close values of the neutron and proton depths V 0 ≈ 50 MeV in so called well depth procedure adjusting the depth to the values ε n/p [7] [8] [9] [10] [11] . Some articles, for example [10, 11] , are devoted to finding so called global parameters of the W-S potential to describe single particle bound states of the nuclei united on some signs like closeness of the numbers of neutrons and protons to the magic ones. The parameters turned out to be close to the standard ones and they provide description of single particle spectra within an accuracy of 1-2 MeV [11] . In this connection the task of finding the realistic values of the parameters which are supposed to be unique for every nucleus as well as an estimation of the error in obtaining SF by means DWBA with standard parameters is very actual.
In [12] the task of finding the proper values of the parameters was redefined for the task of finding proper value of asymptotic coefficient (AC) b n/p of the bound state wave function on the basis of the approach [16] , where the asymptotic normalization coefficients of the bound state (ANC) C 2 n/p was introduced in the analysis. According to the approach the cross section of pure peripheral reaction at the main scattering peak of the angular distribution contains an asymptotic part of the nucleon's wave function which for the last neutron and the last proton are [12, 16] 
where h l l j(ikr) is the spherical Hankel function of the first kind, W −η,lj (2kr) is the Whittaker function, η is the Coulomb parameter for the bound state, k = 2µε n/p , µ is the reduced mass for the bound system A = B +n/p. AC b n/p is determined by the geometrical parameters of the potential. Then ANC C 2 n/p is related with SF and AC as follows [12, 16] 
This approach allowes one to obtain ANCs from analysis of experimental cross sections of pure peripheral reactions like A(d, t)B and B( 3 He, d)A [17] [18] [19] . The value ANC obtained from the reactions does not depend of the potential parameters used in calculation, because in that case S is in inverse proportion to the b 2 n/p . In [12] it was proposed to obtain AC and corresponding parameters from analysis of experimental cross sections of direct reactions with using a known value ANC. But later it was shown [17] that peripheral reactions are not good for the task. In case of reactions like (p, d) and (d, n) there is a strong dependence of the calculated cross sections on the optical potentials used for input and outgoing channels, which does not allow one to solve the task either.
In [13] a method was developed where the parameters are obtained under the condition of the exact equivalence of the neutron and proton potentials for symmetrical and mirror nuclei (EPN condition) with respect to the charge symmetry of nuclear force. Together with the well-depth standard procedure the EPN condition makes the parameters dependent on each other, so the Coulomb radius r DW BA C becomes the main critical parameter to determin the value of root mean square (rms) radius calculated for the last proton < r 2 p > 1/2 and AC. Varying one of the parameters, for example diffuseness a 0 , at r DW BA C fixed brings some particular values of r 0 and V 0 so that < r 2 p > 1/2 changes within 1% and b n/p changes within a few per cent [14] . Moreover, the ratio of squared neutron and proton ACs for mirror and symmetrical bound states b 2 n /b 2 p is quite a stable value (with variation within 2%) at a wide variation of the Coulomb radius [15] . Some explanation why the ratio is to be stable is offered in [20] . The value b 2 n /b 2 p can be used to predict the ratio C 2 n /C 2 p for mirror and symmetrical bound states, because the SFs in the framework of the shell model [21] are equal. In [14] to obtain some criterion to determine the Coulomb radius for the nuclei of 1p shell some assumptions were made on the size of 1s shell, which diminished the validity of the obtained values.
In the present work like in [13] [14] [15] the EPN condition is used to obtain the potential parameters and AC. Besides ε n/p , which is calculated as the difference between the binding energies of the nuclei A and B, another macroscopic quantity is used. That is the last proton position radius (LPPR) R p in the center of mass system (cms) of the symmetric nucleus A = B + n/p. The value of LPPR is estimated from analysis of the nuclear binding energies in the framework of an α-cluster model based on np-pair interactions with using charge symmetry of nuclear force acting between the nucleons belonging to the α-cluster matter [22] [23] [24] [25] [26] [27] . One of the main aims of developing the model was finding proofs of validity of the EPN condition for single particle bound states in symmetrical and mirror nuclei.
The Coulomb radius of the last proton interaction with the residual nucleus R
1/3 is defined from the formula used for the Coulomb potential in the standard DWBA (see the manual to DWUCK program [4] )
at r < R
DW BA Cp
and
at r ≥ R
where the Coulomb energy E C p of the last proton
and ∆E np = ε n − ε p . Eq. (6) 
II. RLPP OBTAIND IN ALPHA-CLUSTER MODEL
The α-cluster model [22] [23] [24] [25] [26] [27] is based on the charge symmetry of nuclear force, so the Coulomb energy of the last proton in a symmetrical nucleus is to be equal to ∆E np (6) . According to representation of an α-cluster liquid drop the nuclear matter is incompressible, so the Coulomb energy of a nucleus equals the energy of the np-pairs consisting the α-clusters. Then for the nucleus with even Z, with the number of α-clusters N α = Z/2, and for the nucleus with odd Z 1 = Z + 1, the number of α-clusters N α + 0.5, the empirical value of the Coulomb energy is supposed to be estimated as follows [25] 
where ∆E np1 and ∆E np are the differences of one nppair neutron and the proton binding energies, odd nppairs have index 1. From the analysis of the experimental binding energies and the Coulomb energies (7) of the lightest nuclei with Z, Z 1 ≤ 8 some important values were obtained [24, 25] . These are the binding energy and the Coulomb energy of one α-cluster (absolute values are given) ε α = ε4 He (ε4 He =28.296 MeV [28] ) and ε C α =0.764 MeV, the binding energy and the Coulomb energy of a cluster-cluster interaction ε αα =2.425 MeV and ε C αα =1.925 MeV and the Coulomb energy of the interaction of the single np-pair in odd Z 1 nucleus with the α-cluster of its close vicinity ε C npα =1.001 MeV. Also a simple formula to describe the binding energies of symmetrical nuclei with Z, Z 1 ≤29 was found [22] E = N α ε α + 3(N α − 2)ε αα for the nuclei with even Z and E 1 = E + 14 MeV for the nuclei with odd Z 1 , which means that one added α-cluster brings three new links with the closest ones. The formula means that the long range Coulomb energy must be compensated by the surface tension energy, which allows one to find a formula to calculate the latter. Thus a successful formula to calculate binding energy for stable and beta-stable nuclei as well as for the nuclei around the stable valley has been found [25] . In the formula the binding energy of α-clusters is calculated separately from the energy of excess neutron pairs (nn-pairs). The accuracy of the calculation is comparable with the Weizsäcker formula [29] , but unlike this well known formula the parameters used in the model are not fitting ones, they had been found from analysis of the binding energies of reduced amount of symmetrical nuclei. Another important finding proving the α-cluster representation is that the nuclear radius for a stable and a beta-stable nucleus is defined by the number of the α-clusters rather than by the total number of the nucleons. The simplest formula for nuclear radius growing with Z, Z 1 is as follows [24, 25] 
where R α = R4 He (R4 He =1.71 fm [30] ) for the nuclei with Z=2 and 5≤ Z, Z 1 ≤ 10. For the nuclei with Z, Z 1 > 24 R α =1.595 fm. To widen the number of nuclei to be described to the ones with N ≥ Z, Z 1 the model was developed to the representation of nucleus as a core (liquid α-cluster drop with dissolved nn-pairs in it) and a molecule of a few α-clusters on its surface [26, 27] . The notion of a nuclear molecule on the surface of a core was developed in [31] . The number of the molecule's α-clusters is obtained from analysis of the nuclear binding energy. So for the nuclei with 10 < Z, Z 1 ≤ 24 in (8) the radius R, R 1 is defined by the sum of the volumes of the surface molecule, presumably the nucleus 20 Ne and 23 Na (in case of Z 1 nuclei one excess neutron is glued to the single np-pair), and of the growing core consisting of the α-clusters of the radius R α =1.595 fm [26] . The surface tension seems to be responsible for existence of core. It was shown that for the most stable nuclei the specific density of the core binding energy ρ is an approximately constant value ρ = 2.55MeV/fm 3 at the number of the surface molecule α-clusters equal to three (three and a half with one excess neutron in case of odd Z 1 nuclei). This provides an explanation of the particular number of excess neutrons in stable nuclei [27] . In the nuclei with smaller amount of excess neutrons the core is smaller (the molecule is bigger), because the number of neutrons provides the ρ (a little bit less than the saturated value) for a smaller number of α-clusters. This theory allows one to calculate the radii for the nuclei with N ≥ Z from analysis of the binding energy [26] . It explains the phenomena of a slight grow of the radii of the isotopes of one Z, Z 1 with decreasing A, A 1 . The obvious success of the model in describing binding energies and radii of the nuclei proves the validity of the EPN condition and its consequence (6) .
The simplest way to obtain the value of LPPR in the cms of the nuclei A = 2Z and A 1 = 2Z 1 is given by the formula
where
is the radius of the last proton position in the cms of the residual nucleus with the mass A − 1. In case of R
1/3 the following equation is used (see (4))
where r C is obtained from the formula for the Coulomb energy E C , E C1 (7) of the charge sphere with the radius
Values R p and R p1 are related with R
as follows
The values R p,p1 obtained by means (9) and (10) are given in Table I . For the nuclei with Z, Z 1 ≤8 the values R p,p1 obtained by (10) are considerably less than R exp , which is out of reason, and they are not presented in the [30] ). For light nuclei the representation of nucleus as a charge sphere (11) is not good, therefore the values r C,C1 do not give reasonable results to be used in (10) . The α-cluster model also allows one to estimate the value of LPPR upon a suggestion that the Coulomb energy of the last proton (or np-pair) in even Z nucleus comes from the Coulomb interaction between two protons (two np-pairs) in the last α-cluster ε C α plus the Coulomb TABLE I: The RLPP Rp,p1 calculated in the framework of α-cluster model representation. E C is the Coulomb energy (7), rC is the Coulomb radius (11), ∆Enp = εn − εp [28] . The values R (9) p,p1 and R (10) p,p1 are obtained by means Eq.s (9) and (10) correspondingly with using (12), the values R (13) p,p1 are calculated by (13) together with (15), R (14) p,p1 are calculated by (14) with (16), R aver p,p1 is calculated by (17) . long range interaction of the last np-pair with the residual nucleus of the mass number A − 4, consisting of N α -1 α-clusters. For odd Z 1 nucleus the energy of the last proton comes from the energy of the last np-pair interaction with the closest α-cluster ε C npα plus the energy of its Coulomb long range interaction with the residual nucleus of the mass number A-6 [25] 
where R
A−4 p
and R
A1−6 p1
are the distances between the last np-pair and the cms of the residual nucleus with mass number A − 4 and A 1 − 6.
Another formula comes from the α-cluster model representation that the last α-cluster has three links with the nearest α-clusters. Then the last α-cluster Coulomb energy ∆E α is equal to the sum of its own Coulomb energy ε , where R A1−14 p is the distance between the last proton and the cms of the remote α-clusters with the total mass number A 1 − 14 [25] 
where ∆E α = ∆E np1 + ∆E np . The simplest formula for the Coulomb energy decreasing with distance is used, as the values R are surely bigger than the nuclear radius.
The distance between the cms of the last α-cluster and the cms of the residual nucleus with mass number A-4 is estimated as R 
To calculate R p,p1 in case of (14) Table I . Then using the same logic as in (15) we have
Average value R aver p,p1 of the radii estimated with using the α-cluster model parameters r C , ε
The values LPPR in cmc of nuclei A, A 1 estimated by different ways are given with upper indexes corresponding to the Eqs, see Table I . One can see from the table that the values R
p,p1 obtained without model parameters but with the assumption (6), which is the straight consequence of the EPN condition, are in agreement with R aver p,p1 with the average deviation in 0.065 fm. For some of the light and the heaviest nuclei the difference |R p,p1 and R aver p,p1 are consistent with the experimental radii. Not for all symmetrical nuclei there are experimental data. In those cases the experimental radius of the nearest isotope is used [32] . In the case of no data, this is the case of Z 1 =43, Eq. (8) is used. The squared nuclear radius ((
2 ) is calculated as the sum of the squared radius of the residual nucleus ((R A−1,Z−1 ) 2 , (R A1−1,Z1−1 ) 2 ) and the square radius of the last proton position in the cms of the residual nucleus ((R
With growing Z, Z 1 the difference |R (9) p,p1 −R aver p,p1 | does not affect much the calculated nuclear radii (18) . The average deviation |R exp − R th | where
is 0.058 fm for R p,p1 (see Table I ). It is obvious that in the case of the light nuclei the values R (13) p,p1 are more preferable than R (9) p,p1 , but the obvious advantage of the latter is that R (9) p,p1 are obtained without any parameters only upon the suggestion (6) . For further calculations the values LPPR R (9) p,p1 are used and they are indicated as R p,p1 .
III. BOUND STATE POTENTIAL PARAMETERS IN SYMMETRICAL NUCLEUS
Having obtained LPPR R p,p1 one can numerically calculate the radius R Cp = r DW BA C
The EPN-condition used together with the well-depth procedure makes the parameter r
the critical one in determination of the last proton rms radius < r 2 p,p1 > and AC b n,p [13, 14] . Variation one of the parameters at the r DW BA C,C1
fixed, for example the diffuseness a 0 = 0.4 ÷ 0.7 fm, changes the other parameters r 0 and V 0 that way that < r 2 n/p > 1/2 stays almost the same (variety within 1%) and AC b n/p changes within a few per cent [14] . So one can say that in such calculations the Coulomb radius defines last proton rms radius. Quantum numbers n, l, j are selected according to the Pauli conservation principle, parity conservation rule and the sum rule for momenta. In Table II for the cases when both binding energies and spins of nuclei A and B are known [28] , the values r DW BA C,C1
and corresponding values r 0 and V 0 are given together with the rms radii for neutron/proton < r Table II shows that a 0 =0.55 fm almost does not change rms radius and AC changes for 6%. Searching parameters under the EPN condition is done by a special program with using iteration. Result may depend on the starting values, which shows the accuracy of the calculation. This is few 0.001 fm for r 0 and few 0.01 MeV for V 0 , which consequences the rms radius accuracy of 0.001 fm and the AC accuracy of few 0.01 fm Parameters of the W-S potential at the EPN-condition. In the first column the bound state A = B + n/p, in the 2nd and the 3d columns there are the quantum numbers n, l, j and experimental binding energies εn,p, the 4th column gives Coulomb radii r DW BA C,C1
(4), the 5th and the 6th contains the parameters r0 and V0 at a0 =0.65 fm and rms radii < r 2 n,p > 1/2 , the 7th column contains Rp,p1 (see Table I ), the 8th column presents AC bn,p, the 9th contains AC b st n,p calculated at the standard parameters, the 10th column gives the error brought by the standard parameters in DWBA analysis to obtain SF (21 The procedure of seeking parameters under the EPNcondition brings the determination of rms radius < r (1) and (2). Then the deviation of the SF S extracted by the DWBA analysis with standard parameters from the value obtained with using the EPN-parameters is calculated as follows
The values R aver p,p1 (see Table I ) for the light nuclei have also been tried in obtaining the parameters. In this case the proton rms radii are also in agreement with the values R Table II should be taken with the probability corresponding to the deviation between the results of using R p,p1 and R aver p,p1 , see C,C1 =1.1-1.5 fm brings a change of the ratio within 2 %, which can be used to predict the ratio of experimentally obtained values ANC's C 2 n /C 2 p due to the equality of the spectroscopic factors of symmetrical bound sates.
IV. DISCUSSION OF RESULTS
In FIG. 1 the graphs of the values of different kinds of radii in dependence on Z are given (in this section for further convenience even Z and odd Z 1 are indicated as Z, as well as the other values like A, R p , R C and so on) [t] These are the Coulomb radius R C = r C A 1/3 (11) of the sphere having the Coulomb energy E C (7), the values of LPPR R p , the values R is obtained by (4) with using R p , rms radius for the last proton < r 2 p > 1/2 calculated with the wave function obtained with using the EPN parameters for nuclear potential determined by the parameter r DW BA C . Also the values of the radius of the nuclear potential R 0 = r 0 A 1/3 (for r 0 see Table II) the experimental nuclear radii Rexp(pentagons) [28] (in case of absent data for the symmetrical nuclei the radius of the nearest isotope is taken, for the nucleus with Z=43, which is not presented in [28] , the radius is calculated by (8)), the Coulomb radius RC (11) (triangles), the radius R they are in agreement for the nuclei with Z=5 and 9≤ Z ≤32 with the average deviation in 0.12 fm. The reason of the considerable difference between the values for the light nuclei Z < 9 is that the approach of a charge sphere is not good for the case. That is one of the reasons why the value r C is not used here to obtain the parameters. The other reason is that for the nuclei with Z > 32 the values r C < r
DW BA C
, so the corresponding potential has either too big radius or in some cases there are no parameters satisfying the EPN-condition.
In FIG. 2 the Coulomb energy E C (7) of the charge sphere of radius R C is given in comparison with the energies of two charge spheres with the radii equal to R ) is the highest graph and it splits from the others at Z ≥26, and these two deviate at Z ≥32. E C is the middle line between the Coulomb energies of the two radii spheres. For the heavier nuclei the deviation grows within a corridor E C ±15 . For comparison the Coulomb energy according to the Weizsäcker formula [29] is given too, which is in agreement with the first three graphs within average deviation in few MeV for the nuclei 5≤ Z ≤32 and for heavier nuclei it is in agreement with the energy of the sphere of radius R DW BA C (R p ). The mean field model considers a nucleus as consists of neutrons and protons moving independently in a mean filed. The question about consistency of the W-S potential used as a single particle potential with experimental data on nuclear charge and matter distributions was discussed in a number of articles, for example [2, [7] [8] [9] . There was shown that theoretical charge distribution calculated with using the sum of squared single particle wave functions produced by the W-S potential with a radius close to the standard one is in agreement with experimental charge density distribution for the nuclei with large deviation of A. But the sizes of internal shells are not known, so the fitting experimental radius can be done by varying sizes of internal shells. Besides, as it is already shown in section II experimental radius alone can't be a sensitive criterion for checking validity of the last proton rms radii calculated at the parameters.
The values LPPR obtained from independent analysis of nuclear binding energies allow one to check the rms radius < r also Table II) one can see that for the nuclei with Z ≤ 14 the EPN potential provides a good description R p , the difference is ∼ 0.1 fm. For the other nuclei with Z > 14 the difference < r 2 p > 1/2 −R p is larger, more than 0.2 fm. It leads one to a conclusion that the W-S potential as it is used in the single particle potential model is not good for the heavier nuclei. The values LPPR have also been tried here to obtain the Coulomb radius r DW BA C from requirement of equivalence of R p =< r 2 p > 1/2 (first it was proposed in [15] for some of the nuclei of 1d shell but was not fulfilled correctly, because the values of LPPR were taken in the cms of the residual nucleus). In that case for heavier nuclei the value r DW BA C becomes unreasonably big or there is no solution of the Shrödinger equation at all, which leads to the same conclusion.
In spite of the fact that the proton rms radii for the nuclei with Z > 14 considerably deviate from the R p the nuclear radii R (A,Z) (18) with using < r 2 p > 1/2 (recalculated (12) for the cms of the residual nucleus with mass number A − 1) are consistent with R exp , see FIG.1 . That is because the relative weight of the last proton decreases with growing Z. This is another evidence that the experimental nuclear radius alone can not be used as a sensitive test for validity of the last proton potential parameters without an additional criterion like R p .
Another proof of unavailability of the W-S potential is the size of the nuclear potential well. The potential radius R 0 grows with Z by a periodic function, see FIG. 1 . The values R 0 become too big in comparison with the experimental radii. For heavier nuclei the difference grows up to 2 fm, which is not right taking into account the short range nuclear force. For some nuclei the radius descends to the standard value 1.25A 1/3 , which is also too big in comparison with the experimental radius (the explanation is in next paragraph). One also should notice here that for the nuclei with Z ≥ 15 radius R 0 increases by a leap. Searching parameters under the EPN condition for the nucleus 30 P gives V 0 = 52.78 at R 0 =4.07 fm at r 0 = 1.31 fm, see Table II . Thus, one can suppose that the number of nuclei for which the W-S potential is good is restricted by those with Z ≤ 14. For the nuclei with Z ≥ 15 the radius R 0 obtained at the EPN condition growing with a leap reveals that the W-S potential is not proper in the framework of single particle representation.
Let us consider the consistency of the W-S potential with experimental charge radii at the standard parameters used without the EPN condition. The difference between LPPR R p and < r 1/3 is not consistent with the experimental radii. Experimental radius 1.005A 1/3 < R exp < 1.077A 1/3 for the nuclei with 10< Z ≤24 and R exp = 1.005A
1/3 for the other nuclei with Z > 24, see Eq. (8) rewritten for A = 4N α . It means that the nuclear potential radius 1.25A
1/3 grows with Z with a bigger rate than the radius of the nucleus, which is in a clear discrepancy with the short range nuclear force. One can see in FIG. 1 that the Coulomb radius R C obtained in the framework of the α-cluster model relates with R exp as R C = R exp + d where d is an approximately constant value. Potential radius R 0 can be equal to R C or, if it is different, at least it should grow with Z in consistency with R C and with R exp . So one can suppose that the relation between R 0 and R exp should be like R 0 = R exp + d, which is consistent with the nature of short range nuclear force.
Besides, at standard parameters the neutron and proton potential wells are allowed to be different. At r 0 = 1.25 fm in case of the nucleus 30 P neutron's potential depth is less than the proton's one, V 0n = 57.15 MeV and V 0p = 57.50 . The difference does not seem significant in point of view of mean field theory where neutrons and protons are distributed independently and their centers of mass do not coincide. But it is not right in the representation of the α-cluster model, where a nucleus consists of np-pairs joined in α-clusters and the position of the last neutron and the last proton belonging to one pair is determined by one potential. Calculations show that at the EPN condition the proton stays farther from the center of mass of a nucleus A than the neutron < r 2 p > 1/2 >< r 2 n > 1/2 (see Table II) , which also appears natural. If one takes into account the difference in neutron and proton masses, the neutron potential is supposed to be deeper than proton's one, but not the opposite. It should be pointed out that the standard potential radius 1.25A 1/3 is less than the potential radius R 0 obtained at the EPN condition only because at the standard parameters the neutron and proton depths are allowed to be different at unreasonable prevalence of proton's nuclear potential above neutron's one. Thus, one can see here that a good description of experimental charge radii in the framework of single particle potential model is provided by an unreasonably big radius of the potential at both standard parameters and at the parameters of the EPN condition. It is not so big as one at the EPN condition, because the neutron and proton potential wells are allowed to be different in the standard well-depth procedure.
There is another remark about not consistency of the W-S potential with the nuclear density distribution. In the self-consistent calculations it is shown [33] that the single particle potential should have no symmetry in the surface thickness to be consistent with the nuclear density. The internal part is to be considerable larger t 0.5 − t 0.9 > t 0.1 − t 0.5 where t 0.5 means the half-potential radius.
If for the light nuclei with Z ≤ 14 the W-S potential is good, one has an opportunity to merge two approaches in case of heavier nuclei. In the framework of the α-cluster model a nucleus is considered as a core (an α-cluster liquid drop, which grows with A) and a molecule [26, 27] . The last nucleon is supposed to be in the mean field of the molecule. So, with growing A the last nucleon potential stays unchanged, but the Coulomb potential for the last proton grows. In FIG. 3 a sketch of the spherical symmetrical potential is presented. In such a representation the nuclear field of the nucleus comes from addition of the potentials of the core and the molecule, so the requirement of larger internal part of the nucleus potential is fulfilled here. The parameters of the molecule potential can be found under the EPN condition for the nucleus corresponding to the molecule. The center of mass of the molecule is shifted towards the periphery on the value ∆, which grows with A. At 0 ≤ r ≤ ∆ the single particle wave function ψ(r) = 0 and at r ≥ ∆ the wave function ψ(r) = Cψ ′ (r ′ ) where ψ ′ (r ′ ) is the wave function of the last nucleon in cms of the molecule placed on the periphery of the Coulomb potential of a 
2 r 2 dr = 1. It will bring some other values of ANC and SF for heavier nuclei. Such representation will remove the mentioned above discrepancy and will provide a proper value R 0 . Besides, the function will help in solving the long standing problem of selecting optical potential parameters used for description of input and output elastic channels of the reaction, because the internal part of the amplitude of the reaction will be naturally cut off at small radii, which will make differences of the values of the parameters of different optical potential sets less important for the calculated cross sections. Technically the potential can be used in numerical solutions of the Shrödinger equation without other difficulty. The parameter ∆ can be estimated in the framework of the α-cluster model or it can be found in the well-depth procedure at the other parameters fixed to adjust the experimental value of the single particle binding energy. The shell effects in the binding energy, which are restricted within a few MeV, may come from varying the number of the α-clusters of the molecule from two to five. Practical application of this idea is a subject of another article.
A simple phenomenological proof of this representation can be found in the values of the experimental binding energy of the last neutron in the symmetrical nuclei heavier than the nucleus 12 C. They group around two values ε n =15 MeV for even Z and ε n =11 MeV for odd Z ( see Table II ). So it means that the last neutron has two kinds of links in dependence on whether there is a single np-pair or not. The energy of neutron separation in odd(Z)-odd (A) stable nuclei (according to the model these nuclei consist of a core made of α-clusters, nn-pairs placed in the core, and the molecule of 15 N) is also within few MeV around the value of the neutron separation energy in the nucleus 15 N ε n =11 MeV. For example, for the nuclei 19 F, 27 Al, 35 Cl, 89 Y, 141 Pr and 209 Bi ε n =10, 13, 13, 12 and 9 MeV which also says about similar conditions of binding of the last neutron determined by the links with the single np-pair and three α-clusters in its close vicinity.
V. CONCLUSION
For some symmetrical nuclei A = B + n/p with 5≤ Z ≤14 the W-S potential parameters satisfying the EPN condition have been found. The Coulomb radius, which is the crucial parameter determining the other parameters in such calculations, is obtained by using the last proton position radius R p in the cms of a nucleus A. The values R p are estimated from analysis of binding energies in the framework of the α-cluster model. The rms radii for the last proton < r Analysis shows that the W-S single particle bound state potential satisfying the EPN condition in case of the nuclei with Z ≥15 produces rms radius for the last proton bigger than R p . The radius of the potential increases with a leap and the potential radii are obviously too big to be consistent with the experimental radii. The standard parameters for these nuclei provide better fitting of rms radii to R p than the parameters of the EPN condition. But the potential radii are not consistent with the experimental charge radii. The better result is provided by domination of the proton potential over neutron one, which does not seem reasonable. All this allows one to conclude that for the nuclei with Z ≥ 15 the W-S potential is inappropriate to represent single particle bound state potential.
According to the α-cluster model the potential well of the last nucleon is to be of a smaller radius due to the short range of nuclear force and it should be shifted to the nuclear periphery. An idea is proposed that for the DWBA analysis of one nucleon transfer reactions in case of the nuclei with Z ≥ 15 the nuclear potential well for the last nucleon should be represented as a local W-S potential covering the periphery of the nucleus. [2] P. E. Hodgson, Hyperfine Interactions 74, 75 (1992).
[3] N. Austern, Direct Nuclear Reactions (Wiley, New
